International CAPM with Regime Switching GARCH Parameters by Lorenzo CAPPIELLO & Tom A. Fearnley
International CAPM with Regime Switching
GARCH Parameters
Lorenzo Capiello and Tom A. Fearnley
July 2000International CAPM with Regime Switching Parameters:
Executive Summary
Lorenzo Cappiello
1 and Tom A. Fearnley
2
When investing in a risky asset, the investor is uncertain about its return, and will, if
risk averse, require a market risk premium. Moreover, if the asset is denominated in a
foreign currency, the investor must also bear the exchange rate risk, and should
demand an additional exchange rate premium. This paper seeks to establish better
estimates of the time-varying market and currency risk premia in the major
international stock and currency markets (USA, Europe and Japan). Risk premia can
be decomposed into a market (currency) price of risk multiplied by the corresponding
non-diversifiable market (currency) risk exposure, as measured by the covariance
between excess asset and market (currency) returns. The prices of risk provide a
measure of the coefficients of risk aversion.
The model we use to measure risk premia in a financially integrated world is the
International Capital Asset Pricing Model (CAPM) of Adler and Dumas (1983). The
estimation employs a multivariate GARCH(1,1)-in-Mean specification of the model.
Other authors, too, have recently estimated the International CAPM for selected large-
capitalization countries. Our work differs from these earlier analyses in both data
selection and methodology. First, we use weekly rather than monthly data, which
allows us to focus on a recent period, 1986 to 1998, which is characterized by
growing financial integration. Secondly, we employ an aggregate stock market index
for Europe, thereby obtaining a parsimonious model specification which encompasses
fully 95% of the world market capitalization. Finally, and more importantly, we allow
the GARCH parameters to change value over time according to a Markovian regime-
switching process. Previous research has documented that structural changes in the
GARCH parameters, if not modelled, give rise to spuriously high persistence of
conditional volatility, as well as poor forecasting performance. In other words,
traditional non-switching GARCH models tend to underestimate the conditional
volatility at the time when it goes from a low to high state, and, similarly,
overestimate it when volatility changes from a high back to a low state. By letting the
GARCH parameters switch, we thus expect to obtain improved estimates of the
conditional volatilities (and covariances). A switching GARCH also has an appealing
economic justification, as it directly addresses Lucas’ critique of structural models
with constant parameters.
Our estimation yields both time and state-varying market and currency risk exposures,
as well as their associated prices of risk. The latter are assumed to be constant to make
estimation tractable. As benchmark, the International CAPM is estimated with a
traditional, non-switching multivariate GARCH(1,1)-in-Mean methodology. For this
benchmark model, we find that the price of market risk is significant, in contrast to
earlier results obtained with International CAPM incorporating currency premia and
1 GraduateInstituteof International Studies (IUHEI), Geneva.
2 GraduateInstituteof International Studies (IUHEI), Geneva, International Center for Financial Asset
Management and Engineering (FAME), Geneva, and Central Bank of Norway, Oslo.constant prices of risk. Currency risks, however, are not significantly priced. All
major market turmoils are captured, as reflected by increases of risk premia. For the
switching-GARCH model, on the other hand, the price of market risk is no longer
found to be significant. However, and more importantly, stock market risk exposures
are seen to react faster to shocks in returns. This may suggest that the non-switching
model indeed suffers from spuriously high persistence, with consequently sluggish
reaction to shocks. In particular, when a financial crisis occurs, the conditional risk
exposures seem to be underestimated, while in the aftermath they appear to be
overestimated. The inclusion of a regime switching GARCH should hence improve
forecasting performance, a result that is in line with previous research on switching
(G)ARCH processes.
We also find that in periods of financial turmoil, weight is shifting away from the
GARCH towards the ARCH terms of the conditional (co)variance generating process.
This result leads to an appealing and intuitive interpretation of investors’ “crisis
mentality”: When forming their volatility (and covariance) expectations in periods of
crises, investors are less inclined to extrapolate past expectations into the future, while
more inclined to take into account current shocks when updating their expectations. In
other words, their memory of the past fades, while concern about the present rises.
The methodology presented in this paper has practical applications in global asset
management. Since we estimate the conditional covariance matrix and expected
returns, as well as the (constant) prices of risk, time varying optimal portfolio weights
can be calculated. Consequently, a global portfolio can be re-optimized each period,
allowing for dynamic portfolio management. The novelty we introduce, however, lies
in the use of switching GARCH parameters. Hence, different regimes will produce
different sets of optimal portfolio weights, according to the state of the conditional
covariance matrix. Such state-dependent optimal portfolio weights should adjust
faster to shocks in financial markets than those calculated with a traditional non-
switching model. Moreover, our methodology can also provide state dependent, and
thus better, measures of expected gains from cross-border diversification, optimal
hedge ratios, and conditional beta and correlation coefficients.	 
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￿￿ ￿￿￿ !￿￿￿￿￿ ￿￿ ￿￿￿ *￿ ￿￿￿￿ ￿￿￿￿!￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿￿ ￿￿ ￿￿￿ ￿￿￿￿￿ ￿￿ ￿￿￿￿￿￿￿￿ ￿￿
￿￿￿ 29 ￿￿￿￿ #￿￿￿￿￿￿￿ ￿￿￿￿ ￿￿ ￿A!￿￿￿ ￿ ￿￿￿ 5)￿￿￿￿￿ #)￿￿￿￿ ￿￿￿￿" ￿HD ￿￿ ￿￿￿ !￿￿￿￿￿
￿￿ ￿￿￿ ￿￿￿￿ 2)￿￿￿￿￿ +￿￿￿H￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿ ￿￿ ￿A!￿￿￿ ￿ ￿￿￿ ￿￿￿￿ 2)￿￿￿￿￿ +￿￿￿￿￿￿￿￿￿ ￿￿￿￿"
￿+￿*D ￿￿ ￿￿￿ !￿￿￿￿￿ ￿￿ ￿￿￿ ￿￿￿￿ 2)￿￿￿￿￿ +￿￿￿+￿* ￿￿￿￿￿￿￿ ￿￿￿￿ ￿￿ ￿A!￿￿￿ ￿ ￿￿￿ ￿￿￿￿
2)￿￿￿￿￿ +￿￿￿￿￿￿￿￿￿ ￿￿￿￿"
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￿￿￿￿ ￿￿￿￿ ￿￿￿￿￿ ￿￿￿ >￿￿￿ ’>￿￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿ ￿￿￿ ￿￿￿￿￿￿￿ 2741- ￿￿￿￿￿￿￿￿￿￿￿￿ ￿￿)
￿￿￿￿￿￿￿" ￿￿￿￿ ￿￿￿￿￿￿￿￿￿￿ ￿￿￿ ￿￿￿￿￿ .￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿.￿￿!￿￿￿￿￿ (￿.￿￿￿)￿￿￿￿￿￿￿ ￿￿￿
>￿￿￿ ￿￿￿￿￿￿ ￿￿￿ ￿￿ ￿￿ ￿?￿￿￿￿￿￿￿￿" $￿￿ ￿￿￿ ￿￿￿￿￿￿ ￿.￿￿!￿￿￿￿ ￿￿￿￿￿￿ ￿￿.￿￿￿￿￿ >￿￿￿ ￿￿￿
￿￿￿ !￿￿￿￿￿￿￿"






  ! 1(
	
 
#￿￿ ￿￿￿￿￿￿￿￿￿ ￿￿￿￿￿ ￿￿/
￿￿￿￿￿ 	 ￿ ￿￿￿￿￿ ￿￿￿￿￿￿
￿ ￿
￿￿￿
￿￿￿￿￿￿ ￿￿￿￿￿￿￿￿￿￿& ￿ ￿￿
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￿ H￿￿ ’+￿*- ￿￿￿￿" #￿￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿ !￿￿￿￿￿￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿￿￿￿￿￿ ￿"￿" ￿￿￿ 
￿   
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￿￿ ￿￿￿￿￿￿￿ 2G ￿￿￿￿￿@!￿￿!￿ ￿￿￿￿￿"
,￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿￿￿/ ,￿￿￿ 	 &￿￿￿
￿
-￿￿￿￿￿ .￿￿￿￿  	 ￿
￿￿￿ -￿￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿￿ ￿ ￿￿￿ !￿￿￿￿￿￿￿￿￿￿ !￿￿￿￿￿￿￿!￿ ￿￿￿￿￿A ￿
’￿?￿￿￿￿￿￿ ’6--"
*￿<￿ ￿￿￿￿￿￿ +￿￿￿￿￿ ￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿￿￿￿￿ ￿￿￿ *￿￿ ￿￿￿￿￿￿￿￿￿ +￿￿￿￿￿￿￿ ￿￿￿ .￿￿￿￿ ￿￿￿!￿
￿￿￿￿￿￿ ￿￿￿￿!￿￿￿ .￿￿￿￿ H￿￿ ￿￿￿ +￿* ￿￿￿ ￿￿￿ +￿￿￿H￿￿ ￿￿￿ +￿￿￿+￿* ￿￿￿￿￿￿￿￿"
=￿￿￿ ￿￿￿ ￿￿"￿￿￿" ’￿￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿￿￿- ￿￿￿ ￿￿ G"
#￿￿ ￿￿￿￿￿@!￿￿!￿ ￿￿￿￿￿  ￿￿ ￿A!￿￿￿ ￿￿￿￿￿￿￿￿ ’￿￿￿￿"- ￿￿ ￿￿￿￿￿ ￿￿ ￿￿￿￿ ￿￿￿￿￿￿￿￿!￿ ￿￿￿￿￿￿￿￿￿ ￿￿
DI<￿￿￿￿￿￿￿￿ >￿￿￿￿￿￿￿ ￿￿￿ DI<￿￿￿￿￿￿￿ ’2779-" #￿￿ ￿￿￿?￿￿)>￿￿￿ ’￿)>- ￿￿￿￿  ￿￿ ￿￿￿￿￿￿￿￿￿
!￿￿￿￿￿￿￿ ￿A!￿￿￿ ￿￿￿.￿￿￿￿ ￿￿￿ ￿￿￿￿￿￿￿￿￿ ￿￿￿ ￿￿ ￿￿￿￿￿￿￿￿￿!￿￿￿￿ ￿￿￿￿￿￿￿￿￿￿￿ ￿￿ %￿
￿ .￿￿￿
￿ J 3 ￿￿￿￿￿￿￿ ￿   ￿￿￿￿￿￿" #￿￿ ￿K￿￿￿)>￿A￿ ’￿)>￿- ￿￿￿￿￿￿￿￿!￿ ￿￿￿￿￿ ￿￿￿ ￿￿￿￿ ￿￿￿￿￿￿￿￿￿￿
￿￿￿￿ ￿￿￿ ￿￿￿￿!￿￿￿￿￿￿￿￿￿￿ !￿￿L!￿￿￿￿￿ ￿￿￿ ￿￿￿￿￿￿￿￿￿￿￿￿￿￿ ￿?￿￿￿ ￿￿ ￿￿￿￿ ￿￿ ￿￿ ￿ ￿￿￿￿: ￿￿ ￿￿
￿￿￿￿￿￿￿￿￿!￿￿￿￿ ￿￿￿￿￿￿￿￿￿￿￿ ￿￿ %￿
￿"￿ ￿￿ ￿ ￿ ￿! ￿ ￿ ￿ ￿ ￿￿J 5E  ￿￿ .￿￿!￿ ￿￿￿ !￿￿￿￿!￿￿ ￿￿￿￿￿￿
￿￿ 78G ￿￿￿ 77G !￿￿@￿￿￿!￿ ￿￿￿￿￿￿ ￿￿￿ 89"776 ￿￿￿ 86"E27￿ ￿￿￿￿￿!￿￿￿￿￿￿"
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￿￿￿￿￿￿ ￿￿ ￿￿￿ ￿￿K￿￿￿￿￿ ￿  ￿￿ ￿￿￿ ￿￿￿￿￿￿￿￿￿￿ ￿  ￿￿￿ ￿￿￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿￿￿ ￿￿ ￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿￿
￿￿￿￿￿￿￿￿￿￿￿" 
￿
￿￿￿￿￿￿￿￿￿￿￿￿ ￿￿ ￿￿￿ ￿￿K￿￿￿￿￿ ￿  ￿￿ ￿￿￿ ￿￿￿￿￿￿￿￿￿￿ ￿  ￿￿￿ ￿￿￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿￿￿
￿￿ ￿.￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿￿￿￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿￿￿￿￿￿ ￿￿!￿￿ ￿￿ ￿￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿￿" #￿￿ ￿￿￿￿￿￿￿ ￿￿￿/
￿- #￿￿ !￿￿￿￿￿ ￿￿ ￿￿￿ 2)￿￿￿￿￿ +￿￿￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿: ￿￿- #￿￿ !￿￿￿￿￿ ￿￿ ￿￿￿ *￿ ￿￿ ￿￿￿￿
￿￿￿￿￿￿￿ ￿￿@￿￿￿ ￿￿ =￿￿￿￿I￿ >￿￿ ￿￿￿￿￿ <￿￿ ￿￿￿￿)￿￿￿￿ ￿￿￿￿ ￿￿￿￿: ￿￿￿- #￿￿ !￿￿￿￿￿ ￿￿ ￿￿￿
*￿ ￿￿￿￿ ￿￿￿￿!￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿￿ ￿￿ ￿￿￿ ￿￿￿￿￿ ￿￿ ￿￿￿￿￿￿￿￿ ￿￿ ￿￿￿ 29 ￿￿￿￿ #￿￿￿￿￿￿￿
￿￿￿￿ ￿￿ ￿A!￿￿￿ ￿ ￿￿￿ 5)￿￿￿￿￿ #)￿￿￿￿ ￿￿￿￿" #￿￿ ￿￿!￿￿￿ ￿￿￿ ￿￿￿ !￿￿￿￿￿ ￿￿ ￿￿￿ ￿￿￿￿ 2)￿￿￿￿￿
+￿￿￿H￿￿ ’+￿￿￿+￿*- ￿￿￿￿￿￿￿ ￿￿￿￿ ￿￿ ￿A!￿￿￿ ￿ ￿￿￿ ￿￿￿￿ 2)￿￿￿￿￿ +￿￿￿￿￿￿￿￿￿ ￿￿￿￿￿ .￿￿￿￿
￿￿￿￿ ￿￿￿￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿ !￿￿￿￿￿￿￿ ￿￿ ￿￿￿ $￿￿￿￿￿  ￿￿￿￿￿￿ ￿￿￿￿￿ ￿￿!￿￿ ￿￿M￿￿￿￿￿ ￿￿￿￿￿"
￿
￿￿￿￿￿￿￿￿￿￿ ￿￿ ￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿￿￿￿￿￿!￿ ￿￿ ￿￿￿￿ ￿￿￿ ￿￿￿￿ ￿￿￿￿￿￿￿￿￿￿ ￿￿￿￿ ￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿￿￿￿￿￿
!￿￿L!￿￿￿￿￿ ￿￿￿ K￿￿￿￿￿￿ ￿?￿￿￿ ￿￿ ￿￿￿￿￿ ￿￿ ￿￿￿ ￿￿￿￿￿￿￿￿￿￿ !￿￿￿￿￿￿￿￿￿ ￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿￿￿￿￿￿"
￿
￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿ ￿￿ ￿￿￿ !￿￿￿￿￿￿￿￿￿￿￿￿ ￿￿￿￿ ￿￿￿￿￿￿￿￿!￿ .￿￿￿ ￿￿￿ ￿ ￿￿￿ ￿￿￿￿￿￿￿ ￿￿ ￿￿￿￿￿!￿￿ ￿￿
￿ ￿￿!￿￿ ￿￿ ￿￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿￿" ￿
￿￿￿￿￿￿￿￿￿￿ ￿￿￿ ￿
￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿ ￿￿￿ ￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿￿￿￿￿￿!￿
￿￿ ￿￿￿￿ ￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿ !￿￿L!￿￿￿￿￿￿ ￿￿!￿￿￿￿￿￿ ￿￿￿ !￿￿￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿ K￿￿￿￿￿￿ ￿?￿￿￿ ￿￿ ￿￿￿￿"
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